1. Introduction {#sec1-plants-09-00411}
===============

*Bacopa monnieri* L. (Family: Scrophulariaceae), commonly known as 'Brahmi', is a perennial and semi- succulent herb which grows in wet, damp, and marshy areas throughout India. It is an ancient medicinal plant with a legendary reputation as a vitalizer of the memory. For 5000 years, it has been used in India to treat epilepsy and insomnia and to reduce herbal sedation and anxiety \[[@B1-plants-09-00411]\]. This plant is recommended by Indian Materia Medica (Bhavaprakasha Nighantu AD 1500) for the treatment of a wide range of mental conditions, including anxiety, poor cognition, lack of concentration, insomnia, insanity, depression, psychosis, epilepsy, and Alzheimer's disease \[[@B2-plants-09-00411],[@B3-plants-09-00411],[@B4-plants-09-00411],[@B5-plants-09-00411]\]. Commercially available *B. monnieri* preparations increase memory concentration and development and enhance brain function in both young and older people. The plant was also used as a cardiac tonic, digestive aid in India and Pakistan, and has been found to improve respiratory function in cases of bronchoconstriction. Clinical studies affirm that bacopa based formulations have positive effects on the reconstruction of mental functions in children suffering from attention deficit hyperactivity disorder (ADHD), and contribute to the enhancement of cognitive functions in stroke and epilepsy patients \[[@B6-plants-09-00411],[@B7-plants-09-00411],[@B8-plants-09-00411]\]. Bacosides and triterpenoids which belong to the saponins are compounds attributed to the above activities \[[@B9-plants-09-00411]\].

In recent studies, *B. monnieri* has been placed second in a priority list of the major Indian medicinal plants assessed on the basis of medicinal significance, potential candidate, and commercial value for further research and development \[[@B10-plants-09-00411],[@B11-plants-09-00411]\]. It possesses numerous pharmacological activities, including anxiolytic \[[@B12-plants-09-00411]\], anti-neoplastic \[[@B13-plants-09-00411]\], anti-depressant \[[@B14-plants-09-00411]\], anti-ulcerogenic \[[@B15-plants-09-00411]\], adaptogenic \[[@B16-plants-09-00411]\], anti-convulsant \[[@B17-plants-09-00411],[@B18-plants-09-00411],[@B19-plants-09-00411]\] etc. This herb acted as a mental chelating agent in the bloodstream which can eliminate any excess of toxic metals. It is also used for the removal of heavy metals such as chromium and cadmium in phytoremediation. Since *B. monnieri* is the lone herbal source of bacosides, it is harvested at a very high rate from its natural habitat by pharmacologists and herbal traders. Due to its immense diverse medicinal importance, generation of mass propagation of the plants as well as other alternative strategies for biotechnological production of its active principles, the bacopa saponins, have attracted the attention of researchers resulting in large number of publications on in vitro propagation in the species. The morphogenic potential of explants of *B. monnieri* favors its use as a model plant for in vitro studies on the expression of transgenes on organogenesis in vitro and functional studies on bacoside synthesis in vitro, avoiding the effects of exogenous phytohormones.

2. Axillary Shoot Proliferation {#sec2-plants-09-00411}
===============================

The multiplication of shoots for the clonal propagation of *B. monnieri* have been reported using pre-existing meristems such as nodes and shoot tips derived from both ex vitro (\~45% reports) and in vitro grown plants (\~16% reports). Among the two types of explants used, nodes have been found to be the better choice of explants for in vitro shoot multiplication ([Table 1](#plants-09-00411-t001){ref-type="table"}). The rate of propagation was found to depend on the type and concentration of cytokinins used in the culture medium. Although three different types of cytokinins such as BA, (N6-benzyladenine) Kn (Kinetin), and TDZ (Thidiazuron), have been used, maximum reports on in vitro propagation (\~57%) involved the use of BA alone or in combination with other hormones, whereas the effect of Kn alone or in combination with other PGR was investigated in only 9% of published reports. Apart from hormones, other additives such as algal extract, organic supplements etc. have been used in \~12% of published reports to improve the rate of shoot induction in *B. monnieri*.

Tiwari et al. \[[@B43-plants-09-00411]\] obtained \~20 shoots/nodal explant in MS medium supplemented with 2 mg L^−1^ BA after four weeks of culture. When the medium was supplemented with lower levels of BA in combination with IAA, optimum shoot growth with an average shoot length of 6.8 ± 0.6 cm was observed after 28 days of culture. The rate of shoot multiplication from nodal explants was further improved (\~42 shoots/explant) when 6.8 µM TDZ was used in the medium \[[@B21-plants-09-00411]\]. Sharma et al. \[[@B36-plants-09-00411]\] obtained 41shoots/nodal explant through axillary bud break at very low concentration of BA (0.1 mg L^−1^). Tiwari et al. \[[@B43-plants-09-00411]\] showed a significant improvement in axillary shoot induction (50 axillary shoots/explant) from nodal explants in response to the combined actions of 200 mg dm^−3^ TMP and 200 mg dm^−3^ BVN in MS medium. Additionally, the induction of adventitious shoot buds (30) was also reported from these nodal explants although no histological evidences were provided \[[@B43-plants-09-00411]\]. Therefore, it is unclear whether these adventitious shoot buds were induced de novo or were formed as a result of the multiplication of pre-existing meristems. Wangdi and Sarethy \[[@B62-plants-09-00411]\] used liquid MS medium supplemented with Kn for shoot multiplication and obtained 36--75 rooted shoots along with adventitious shoots/nodal explant after 7 days of culture. Recently, Behera et al. \[[@B54-plants-09-00411]\] obtained 100% shoot bud induction in nodal explants on MS medium supplemented with 3.0 mg L^−1^ BA, eventually improving the rate of multiplication using 1.0 mg L^−1^ GA~3~ to 114.2 shoots/explant with shoot length 6.4 cm after three weeks.

The use of algal extract as an alternative of PGR regulator for in vitro propagation of *B. monnieri* was demonstrated by Banerjee and Modi \[[@B32-plants-09-00411]\] and Pothiaraj et al. \[[@B61-plants-09-00411]\]. The effect of PGRs and seaweed liquid extracts (SLEs) on in vitro shoot induction using encapsulated shoot tips of *B. monnieri* was elegantly demonstrated by Rency et al. \[[@B64-plants-09-00411]\]. They obtained 92 shoots/explant (with 7.9 cm of mean shoot length) after one week of culture on MS medium containing 60% of *G. salicornia* extract. After two weeks of culture on the same medium, enhanced multiplications (with \~145 shoots) were obtained.

Root induction and development in microshoots of *B. monnieri* has been successful in most micropropagation methods using full- or half-strength MS medium with or without an auxin (IBA or NAA at 0.5 or 1 mg/L). Tiwari et al. \[[@B24-plants-09-00411]\] reported that the root number and length was maximum in 4.9 μM IBA supplemented medium. Hardening and subsequent field establishment has been achieved in a majority of reports on micropropagation in the species ([Table 1](#plants-09-00411-t001){ref-type="table"}). Recently, biochemical and histological changes during the adventitious in vitro rooting of *B. monnieri* micro shoots revealed a significant role of enzymes, sugars, and phenols during different phases of rooting \[[@B68-plants-09-00411]\].

3. Organogenesis {#sec3-plants-09-00411}
================

In *B. monnieri* various researchers have reported adventitious bud formation and shoot organogenesis in vitro. However, there are very few reports on callus induction and indirect shoot organogenesis in the species \[[@B37-plants-09-00411],[@B47-plants-09-00411],[@B53-plants-09-00411]\]. The morphogenic potential of plant cells leading to whole plant regeneration is known to depend on both endogenous and exogenous factors \[[@B69-plants-09-00411]\]. However, the expression of totipotency of cells of excised leaf and stem explants from in vitro *B. monnieri* plants in plant growth regulator (PGR) free medium makes this species a model system to study the causes of morphogenesis *in vitro* [Figure 1](#plants-09-00411-f001){ref-type="fig"} \[[@B65-plants-09-00411]\] The rate of shoot organogenesis in *B. monnieri* among other factors also depends on type and position of explants \[[@B65-plants-09-00411]\] while Joshi et al. \[[@B34-plants-09-00411]\] reported both direct and indirect shoot organogenesis depended on the orientation of explants on the shoot induction medium.

Researchers have used explants derived from *ex vitro* and in vitro grown plants for micropropagation of *B. monnieri* ([Table 1](#plants-09-00411-t001){ref-type="table"}). The morphogenic potential of leaf and internode explants was found to enhance significantly in terms of both the frequency and rate of shoot organogenesis when cultured in the presence of exogenous hormones or growth regulators.

3.1. Organogenesis from In Vitro Derived Explants {#sec3dot1-plants-09-00411}
-------------------------------------------------

Nearly 20% of the published reports on micropropagation of *B. monnieri* have used leaf and internode explants from in vitro grown plants for whole plant regeneration through direct shoot organogenesis. Tiwari et al. \[[@B21-plants-09-00411]\] reported direct adventitious shoot regeneration (\~80 shoots/leaf explants) on MS \[[@B67-plants-09-00411]\] medium supplemented with BA (6-benzylamino purine). In a later publication, Tiwari et al. \[[@B24-plants-09-00411]\] reported the rate of adventitious shoot bud formation was enhanced (93 shoot buds/leaf explant in seven days) using TDZ instead of BA in shoot induction medium (SIM). After three subcultures on shoot multiplication medium (SMM) containing BA yielded a higher number (\~130) of adventitious shoot buds/leaf explant.

The cytokinin- like effect of TDZ in vitro has been observed in the morphogenesis and regeneration in a large number of plants \[[@B70-plants-09-00411]\]. However, its mode of action and role in the inductive phase of morphogenesis in vitro is not known \[[@B71-plants-09-00411]\].

The promotive effect of TMP (Trimethoprim, an antibiotic) and BVN (Bavistin, a fungicide) on de novo shoot organogenesis was also reported \[[@B24-plants-09-00411]\]. Ceasar et al. \[[@B33-plants-09-00411]\] using TDZ and NAA (α-naphthaleneacetic acid) initially reported 49 and 56 shoots/internode and leaf explants could be induced, and the rate of shoot multiplication enhanced significantly (approximately 135 shoots/leaf explant and 112 shoots/internode explant) on transfer to SMM containing low levels of BA.

The promotive role of spermidine in combination with BA in adventitious shoot bud induction from mature leaves excised from in vitro propagated plants was reported couple of years back by \[[@B63-plants-09-00411]\]. Thus, using explants from tissue culture raised plants direct shoots regeneration leading to production of more than 100 rooted plants/explant within 8--12 weeks period with 85%--100% survival in the field after acclimatization can be expected following optimized protocols summarized in [Table 1](#plants-09-00411-t001){ref-type="table"}.

3.2. Organogenesis from Ex Vitro Derived Explants {#sec3dot2-plants-09-00411}
-------------------------------------------------

Shoot regeneration using leaf and internode explants excised from ex vitro plants has been demonstrated in nearly 36% of the published reports. Optimum shoot regeneration (110 shoots/leaf explant) was reported by Binita et al. \[[@B26-plants-09-00411]\] within three weeks of culture on medium supplemented with BA and IAA (Indole-3-acetic acid). Using Kinetin (Kn) instead of BA, Praveen et al. \[[@B31-plants-09-00411]\] obtained shoot induction and proliferation to a maximum frequency of 155 shoots/leaf explant after 18 weeks. Kn has been used similarly to induce high frequency shoot regeneration in leaf explants by Umesh et al. \[[@B53-plants-09-00411]\], while shoot induction frequency was low with 2ip (N6-2-isopentenyl adenine) \[[@B72-plants-09-00411]\]. On the other hand, in internode explant, significantly higher shoot induction (324 shoots/internode explant) was obtained in a combination of BA and Kn after three subcultures \[[@B29-plants-09-00411]\]. It can be concluded that both internode and leaf explants derived from *ex vitro* plants show significantly higher potential for micropropagation (155--324 shoots/explant) than similar explants derived from in vitro plants.

4. Somatic Embryogenesis {#sec4-plants-09-00411}
========================

There are only a few reports on somatic embryogenesis reported in *B. monnieri*. Tiwari et al. \[[@B21-plants-09-00411]\] reported plant regeneration through embryogenic callus mediated somatic embryogenesis followed by the development and maturation of somatic embryos (SEs) on MS medium comprising 0.5 mg L^−1^ BA. Khilwani et al. \[[@B60-plants-09-00411]\] described both types of morphogenesis, i.e., shoot organogenesis as well as somatic embryogenesis from in vitro derived leaf explants cultured on MS medium supplemented with 12.5 μM BA and 1.0 μM 2,4-D. The addition of 250 mM sucrose in this medium was found to enhance somatic embryogenesis (77%) probably due to high osmotic stress and/or the source of energy required for somatic embryogenesis. Although histological evidence of different stages of somatic embryo differentiation has been provided \[[@B21-plants-09-00411],[@B60-plants-09-00411]\], the evidence of SE developmental stages is lacking and needs to be studied in detail in *B. monnieri*. Callus-mediated somatic embryogenesis in leaf explants obtained from 2-months old greenhouse plants was reported by Sharath et al. \[[@B28-plants-09-00411]\]. The optimum frequency of organized embryoids/callus clump (96%) and differentiation of embryoids (42/callus clump) occurred in medium supplemented with 0.5 mg L^−1^ 2,4-D. Germination, maturation, and further multiplication of these embryoids occurred on MS basal medium with or without BA.

5. Clonal Fidelity and Phytochemical Analysis in In Vitro Propagated Plants {#sec5-plants-09-00411}
===========================================================================

Somaclonal variations are known to occur in tissue culture raised plants particularly where whole plants regenerated via callus induction and dedifferentiation \[[@B73-plants-09-00411]\] using different explants \[[@B74-plants-09-00411]\]. Cytogenetic analysis and molecular markers are frequently used to determine the genetic fidelity of in vitro propagated plants in many species. Cytogenetic analysis of micropropagated plants of *B. monnieri* (2n = 64) have not been reported to date owing to perhaps small chromosome size and high number \[[@B75-plants-09-00411]\]. However, it is possible to avoid somaclonal variations often associated with tissue culture regeneration in vitro in *B. monnieri* as large scale propagation via direct organogenesis as well as axillary bud multiplications has been optimized by a large number of researchers.

However, there are few reports where clonal fidelity of in vitro propagated plants of *B. monnieri* has been demonstrated \[[@B33-plants-09-00411],[@B60-plants-09-00411],[@B64-plants-09-00411],[@B76-plants-09-00411]\]. Recently, a novel technique for the clonal propagation of true-to-type plants in *B. monnieri* has been reported by Faisal et al. \[[@B66-plants-09-00411]\]. Using TDZ pulse treated nodal explants, high frequency regeneration with optimum multiplication (43 shoots per explant) were obtained after eight weeks of culture from explants treated with 20 uM TDZ. Microshoots that rooted in growth regulator free media were successfully acclimatized with 97% survival ex vitro. The genomic stability of the micropropagated plants were confirmed by flow cytometry and single primer amplification reaction (SPAR) for the first time. They reported no significant variation in nDNA content and ploidy level between micropropagated plants and control \[[@B66-plants-09-00411]\].

Analysis of phytochemicals among in vitro propagated plants of *B. monnieri* was performed in nearly 18% of the published reports, mostly general phytochemical analysis [Table 1](#plants-09-00411-t001){ref-type="table"} \[[@B10-plants-09-00411],[@B23-plants-09-00411],[@B26-plants-09-00411],[@B40-plants-09-00411]\]. Praveen et al. \[[@B31-plants-09-00411]\] reported that accumulation of bacoside A in shoots grown on Kn supplemented medium was 4.5-fold higher compared to shoots developed on medium not supplemented with growth regulators. Furthermore, they suggested that liquid cultures are preferable for the production of bacoside A. Parale et al. \[[@B35-plants-09-00411]\] reported the influence of organic supplements in the culture medium on production of bacoside A in both shoot and callus biomass. The inclusion of 100 µM pyruvic acid showed the maximum accumulation of bacoside A in shoot (4.0 times) as well as callus biomass (3.8 times) than control. Umesh et al. \[[@B53-plants-09-00411]\] detected bacopaside I and II in regenerated shoots and found that Kn favored maximum accumulation of bacopaside II whereas the amount of bacopaside I was highest in the shoots regenerated on MS medium supplemented with BA. Largia et al. \[[@B77-plants-09-00411]\] reported an increase in bacoside A production by the synergism of Methyl jasmonate (MJ) and salicylic acid (SA) in shoot cultures of *B. monnieri.*

6. Culture in Bioreactors {#sec6-plants-09-00411}
=========================

Bioreactor based micropropagation was found to increase the multiplication rate of shoot cultures using nodal segments, for commercial propagation of *B. monnieri* plants \[[@B38-plants-09-00411],[@B56-plants-09-00411]\]. Jain et al. \[[@B38-plants-09-00411]\] reported enhanced biomass production in Growtek^®^ bioreactor with 10% aeration using nodal explants. Maximum growth index (10.0) with \~2000 shoots/L and 16.5 g/L DW was recorded when cultured on liquid MS medium fortified with 2.5 mg L^−1^ BA and 0.01 mg L^−1^ IAA. In another study, using airlift bioreactor, nearly 443 shoots proliferated from \~48.33 excised shoots after four weeks of culture in liquid MS medium (1.5 l) supplemented with 1 mg L^−1^ BA (Sharma et al. \[[@B56-plants-09-00411]\]. Investigations on biosynthesis of bacosides (A~2~ + A~3~) in in vitro shoot cultures of *B. monnieri* grown in two bioreactor systems, i.e., Growtek^®^ (1 L) and modified bench top air lift bioreactor (5 L) revealed that the maximum content was obtained in shoot biomass using ALB system (10.15 mg g^−1^ DW) as compared to Growtek^®^ culture (6.08 mg g^−1^ DW) due to higher aeration facility for improved oxygen transfer during bacoside synthesis \[[@B56-plants-09-00411]\]. Thus, further studies using bioreactors can be explored for the commercial production of bacosides in mass propagated shoot cultures.

7. Bioactive Compounds in *B. monnieri* {#sec7-plants-09-00411}
=======================================

The pharmacologically active compounds of bacopa include saponins, steroids, and alkaloids. Comprehensive studies first confirmed that *B. monnieri* isolated the alkaloid 'brahmine' \[[@B78-plants-09-00411]\]. In the same year, other alkaloids such as herpestine and nicotine were also reported \[[@B79-plants-09-00411]\]. D-mannitol and a saponin, hersaponin, and potassium salts were subsequently isolated \[[@B80-plants-09-00411]\]. Bacoside A, known as 3-(a-L-arabinopyranosyl)-O-b-D-glucopyranoside-10, 20-dihydroxy- 16-keto-dammar- 24-ene, is the major chemical entity shown to be responsible for neuropharmacological effects and the nootropic activity or antiamnestic effect of *Bacopa* \[[@B81-plants-09-00411]\], Bacoside A typically co-occurs with Bacoside B; the latter only varies in optical rotation probably in an artefact produced during the bacoside A isolation process \[[@B82-plants-09-00411]\]. The major chemical components isolated and characterized by different major spectral, chemical and 2D NMR studies carried out by various research groups from the herbal alcoholic extract are dammarane type of triterpenoid saponins with jujubogenin andpseudojujubogenin as aglycones ([Table 2](#plants-09-00411-t002){ref-type="table"}). Bacosides yield a mixture of aglycones on an acid hydrolysis, bacogenin A1, A2, A3 \[[@B83-plants-09-00411]\]. Three new triterpenoid saponins of biological interest, bacopasaponins A, B, and C, pseudojujubogenin were isolated and a new dammarane type pseudojujubogenin glycoside, bacopasaponin D, was identified using chemical transformation and spectroscopic methods \[[@B12-plants-09-00411]\]. Two new pseudojujubogenin glycosides, known as bacopaside I and II, have been isolated from glycosidic fraction of the methanol \[[@B84-plants-09-00411]\]. Thereafter, three new saponins, called Bacopasides III, IV, and V, were isolated. Furthermore, three new phenylethnoid glycosides (monnierasides I to III) were identified from the glycosidic fraction of *B. monnieri* along with the known analogue plantainoside B \[[@B78-plants-09-00411]\].

8. Pharmacological Activities {#sec8-plants-09-00411}
=============================

*B. monnieri* is an excellent medicinal plant which offers numerous promising pharmacological activities that are useful in treating of many complex diseases/disorders. Some of the prominent bioactivities are anti-inflammatory, antiamneatic, nootropic, cardioprotective, neuroprotective/antioxidant, hepatoprotective, anti-Alzheimer's, anti-aging, memory enhancing, anti-tumor, anti- arthritic, cytotoxic, and chemo-preventive ([Table 3](#plants-09-00411-t003){ref-type="table"}). These bioactivities have been discussed in the following sections, with brief information presented about their mechanisms.

8.1. Anti-Oxidant Properties {#sec8dot1-plants-09-00411}
----------------------------

Antioxidants have been documented to prevent oxidative damage from free radicals responsible for a number of human disorders such as arthrosclerosis, diabetes mellitus, hypertension, arthritis, Alzheimer's disease, ischemia gastritis and AIDS \[[@B80-plants-09-00411],[@B109-plants-09-00411]\]. The antioxidant properties of Bacopa can offer protection against free radical damage in cardiovascular disease and certain types of cancer \[[@B110-plants-09-00411]\]. Reportedly, bacosides scavenge free radicals such as superoxides, peroxides and hydroxyl radicals.

Antioxidant effects of alcoholic and hexane extract of *B. monnieri* on lipid peroxidation by cumene hydroperoxide and ferrous sulphate is reported in rat homogenate liver \[[@B111-plants-09-00411]\]. Bacosides were found to have antioxidant activity in the hippocampus, frontal cortex and striatum on the basis of animal studies \[[@B112-plants-09-00411]\] and to modulate the expression of certain enzymes involved in generation and scavenging of reactive oxygen species in the brain and demonstrated that bacoside A3 had an inhibitory effect on superoxides released from polymorphonuclear cells in a nitroblue tetrazolium assay in the hydroalcoholic extract of the whole plant \[[@B113-plants-09-00411]\]. Sumathy et al. \[[@B114-plants-09-00411]\] reported the hepatoprotective activity of its orally administered alcoholic extract on the liver antioxidant status of morphine-treated rats. The defensive function of methanolic extract in rat astrocyte culture against the toxicity caused by the NO donor (S-nitroso-Nacetyl-penicillamine, SNAP), thus preventing DNA damage \[[@B2-plants-09-00411]\]. Janani et al. \[[@B104-plants-09-00411]\] reported the neuroprotective effect of the herb against aluminum triggered oxidative stress in the rat brain hippocampus. The free radical scavenging activity of the plant's methanolic extract provided protection against DNA damage in non-immortalized fibroblasts human \[[@B115-plants-09-00411]\].

8.2. Anti-Cancer/Cytotoxic Properties {#sec8dot2-plants-09-00411}
-------------------------------------

The ethanolic extract of *B. monnieri* contains bacoside A and B, betulinic acid, brahmine, and cucurbitacins, among which cucurbitacins have strong anti-tumorigenic and anti-proliferative activity by inducing cell cycle arrest at the G2/M phase and formation of multiplied cells. Mallick et al. \[[@B116-plants-09-00411]\] reported the cytotoxic activity of ethanolic extract of dichloromethane (DCM) fraction of *B. monnieri* on two different cell lines such as MCF-7 and MDA-MB 231 due to the presence of cucuebitacins and betulinic acid in DCM fraction. *B. monnieri* extracts induces cell death by apoptosis in murine sarcoma-180 cell culture \[[@B98-plants-09-00411]\]. Two new dammarane glycosides, the 20-deoxy derivatives of pseudojujubogenin along with eight novel compounds were isolated and tested them for cytotoxic, antileishmanial, anti-inflammatory, antimalarial activities. Some of these compounds demonstrated mild to moderate activity against non-cancerous kidney cell lines \[[@B117-plants-09-00411]\]. In addition, compared to bacoside B fraction, bacoside A fraction and its individual components were found to be more active \[[@B118-plants-09-00411]\]. *B. monnieri* shows curative and protective effects on gastric ulcers due to its improved mucosal activity in brine shrimp lethality assay (an assay that is predictive of potential anticancer activity) \[[@B119-plants-09-00411],[@B120-plants-09-00411]\].

8.3. Anti-Inflammatory Properties {#sec8dot3-plants-09-00411}
---------------------------------

*B. monnieri* effectively suppressed experimentally induced inflammatory reaction effect by inhibiting the synthesis of prostaglandin and partly by stabilizing lysosomal membranes and did not cause gastric irritation at anti-inflammatory doses \[[@B121-plants-09-00411],[@B122-plants-09-00411]\]. Methanol extract of the whole plant produced significant writhing inhibition in acetic acid induced writhing in mice at the oral dose of 250 and 500 mg/kg (*P* \< 0.001) comparable to 25 mg/kg diclofenac sodium \[[@B123-plants-09-00411]\]. The anti-inflammatory effects of the different extracts of *B. monnieri* on carrageenan induced edema in the hind paws of rats were investigated. The methanol extract and aqueous fractions (100 mg/kg) showed a significant decrease in the volume of edema paw, whereas hexane extracts and petroleum ether didn't reduce inflammation \[[@B124-plants-09-00411]\].

8.4. Gastrointestinal Properties {#sec8dot4-plants-09-00411}
--------------------------------

The antidiarrheal effect on castor oil induced diarrhea in mice was shown in the ethanol extract of the whole plant of *B. monnieri*. It increased mean latent period and significantly decreased the frequency of defecation at the oral dose of 500 mg/kg comparable to 50 mg/kg loperamide \[[@B123-plants-09-00411]\]. It shows curative and protective effect on gastric ulcers due to its effect on mucosal defensive factors like enhanced mucin secretion, mucosal glycoprotein and decreased cell shedding rather than on offensive factors such as acid and pepsin \[[@B125-plants-09-00411]\]. The *Bacopa* extract standardized for bacoside-A was evaluated in five models of gastric ulcers in rats for its prophylactic and healing effects. Bacopa extract significantly healed an ulcer induced by acetic acid at a dosage of 20 mg/kg for 10 days, decreased mucosal exfoliation, and significantly strengthened the mucosal barrier \[[@B126-plants-09-00411]\].

8.5. Anti-Alzheimer's Properties {#sec8dot5-plants-09-00411}
--------------------------------

Alzheimer's disease (AD) is a progressive neurodegenerative disorder of the brain that is characterized by impairment of memory and eventually by disturbances in reasoning, planning, language, and perception \[[@B127-plants-09-00411]\]. Currently, there is no drug or therapy available as a definite solution for the treatment of AD except two main classes of drugs, namely acetyl cholin esterase inhibitors (AChEI) for the treatment of mild to moderate AD and glutamate modulators only for moderate to severe AD \[[@B128-plants-09-00411]\]. One of the most important approaches for the treatment of AD involves the enhancement of acetylcholine level in the brain using AchEI inhibitors. The ethanol extract of *B. monnieri* contain bacoside A, which has been used for memory and intellectual improvement. Clinical trial reported that when 300 mg of standardized *B. monnieri* extract was taken orally twice a day for six months results in improvement in cognitive functions of patients suffering from AD \[[@B129-plants-09-00411]\]. The in vivo study of ethanol extract of *B. monnieri* was done in male albino rat (225--250 g) in which the oral dose of (100 mg/kg body weight) ethanol extracts given over the 15 days and it inhibits the function of acetylcholinesterase differentially in various brain regions viz. cerebral cortex (51.6%) \> CEREBELLUM (51%) \> PONS (44%) \> THALAMUS (41.6%) \> HIPPOCAMPUS (38.1%) \> BRAIN stem (34.3%) \> STRIATUM (24.9%) \[[@B100-plants-09-00411]\].

9. Conclusions {#sec9-plants-09-00411}
==============

It is evident from the review of literature that considerable research has been conducted on the in vitro propagation of Brahmi (*B. monnieri*) plants and a judicial choice of protocol is required for the mass clonal propagation for cost effective commercialization. The multiplication of shoots for the clonal propagation of *B. monnieri* has been reported using pre-existing meristems such as nodes and shoot tips derived from both ex vitro and in vitro grown plants. Among the two types of explants used, nodes have been found to be the better choice of explants for in vitro shoot multiplication. Further, on the basis of research reviewed, it can be concluded that both internode and leaf explants derived from ex vitro plants show a significantly higher potential for micropropagation (155--324 shoots/explant) than similar explants derived from in vitro plants ([Table 1](#plants-09-00411-t001){ref-type="table"}).

Although the morphogenic potential of *B. monnieri* explants appears to be very high, as evident in most of studies, the choice of explants and regeneration protocol will be important for maintaining genetic stability avoiding somaclonal variations. Hence, it is suggested that both axillary bud multiplication and adventitious bud induction using leaf explants (without intervening callus phase) can be explant of choice using cytokinins like BA and TDZ as reported. A novel technique for the production of true to type plants has been reported by Faisal et al. \[[@B66-plants-09-00411]\] using TDZ pulse treated nodal explants and the protocol suggested ensures the genetic stability of micropropagated plants. However regeneration rates in phytohormone supplemented medium is more, as expected and as reported by large number of researchers ([Table 1](#plants-09-00411-t001){ref-type="table"}).Another interesting point observed in the in vitro derived plant is the expression of totipotency of excised leaf and stem explants from in vitro plants in PGR free medium and may be used as a model system for study on causes of morphogenesis in vitro \[[@B65-plants-09-00411]\]. Shoot culture in bioreactors is a promising possibility for obtaining higher biomass and bacoside yield, and could be a commercially viable future \[[@B56-plants-09-00411]\]. Recently, it has been reported that bioactive compounds in *B. monnieri* in vitro cultures can be enhanced by feeding precursors and LED light exposure. Such approaches may be used for shoot cultures in bioreactors in vitro \[[@B130-plants-09-00411]\].

The medicinal and pharmacological importance of bacopa is increasing daily. *B. monnieri* shows massive potential to relieve various neuropharmacological, inflammation, depressions, and other disorders. For future, however, voluminous research is required to verify its efficacy for various disorders. The ethanolic and methanolic extract of bacopa plays a crucial role in treating human diseases at varying concentrations. Bacoside A is the extensive chemical agent responsible for therapeutic effects identified across various research models. Nevertheless, further studies are required to determine the targeted activity of the bioactive compounds present in the isolated bacoside fraction of BM. The antioxidant activity of bacopa may be useful to treat human pathologies in which free radical production plays a crucial role, which requires further research. Biomedical study of bacopa is still in its formative years, but preliminary results like those depicted in this review can definitely open the floodgates to young researchers.
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![Micropropagation of *B. monnieri* in MS basal medium. (**a**) adventitious shoot induction in leaf and internode explant after 3 weeks of culture, (**b**) and (**c**) shoot proliferation after 6 weeks of culture, (**d**) rooted micro shoots, (**e**) rooted micropropagated plants from single leaf explant, (**f**) rooted plantlets prior to transfer to soil, (**g**) Acclimatized plants with flowers after 6 months of field transfer, (**h**) somatic metaphase plate in root cell showing 2n = 64 chromosomes. (**i**,**j**) flower, seed respectively and (**k**) in vitro germination of seed obtained from *ex vitro* micropropagated plants.](plants-09-00411-g001){#plants-09-00411-f001}

plants-09-00411-t001_Table 1

###### 

In vitro propagation of *Bacopa monnieri* (L.) Wettst. (Chronological listing).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Explant-Source/Type                                                                                       Culture Medium, PGRs and Additives                                                                                                                                               Remarks, Experimental Outcome and Maximum Productivity, Acclimatization etc.                                                                                                                                                                                                                                                                                                                                                                                             References
  --------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------
  Stem segments with nodes (20 mm) of *ex vitro* plants                                                     MS + 0.2 mg L^−1^ NAA + 0.5 mg L^−1^ BA + 50 mg L^−1^ glutamine + 75--100 µM CuSO~4~ (SIM).                                                                                      15.52 ± 2.77 shoots/nodal explant within 4-w of culture on SIM. At 100 µM ofCuSO~4~ maximum multiplication could be achieved and tolerant cultures could be raised.                                                                                                                                                                                                                                                                                                      \[[@B20-plants-09-00411]\]

  Terminal shoots bearing 4--5 nodes from field-grown plants                                                MS + 2.0 mg L^−1^ BA (SIM); MS + 0.1 mg L^−1^ BA + 0.2 mg L^−1^ IAA (SELM). MS + 1.0 mg L^−1^ NAA (RIM). MS + 0.5 mg L^−1^ BA (SEIM; callus explants).                           79 shoots/leaf explant, 20 shoots/node and 26 shoots/internode formed on SIM within 4-w. 100% of the shoots rooted on RIM. SE developed after 4-w of culture on SEIM. Histological analysis of the calli revealed typical heart-shaped and cotyledonary stage somatic embryos. Plantlets acclimatized in sterilized soilrite with 95% survival rate.                                                                                                                     \[[@B21-plants-09-00411]\]

  Stem segments with nodes (20 mm) of *ex vitro* plants                                                     MS + 0.2 mg L^−1^ NAA + 0.5 mg L^−1^ BA + 50 mg L^−1^ glutamine + 400 µM ZnSO~4~                                                                                                 This study was on effect of ZnSO~4~ on the morphogenic response. 24 shoots/culture formed within 4-w on SIM containing 400 µM ZnSO~4~. 100% of shoots rooted. Proline and protein accumulated as a sequel to zinc stress.                                                                                                                                                                                                                                                \[[@B22-plants-09-00411]\]

  Explants from field-grown plants                                                                          MS + 2 µMBA (SIM).                                                                                                                                                               A thick mat of shoot buds formed on 90--100% of the explant surface after 3--4 weeks on SIM. The potency was expressed as percentage of the surface area of the explants showing organogenesis.                                                                                                                                                                                                                                                                          \[[@B23-plants-09-00411]\]

  Nodal explants (1.0 cm) of field grown plants                                                             MS + 6.8 μM TDZ (SIM)/+2.2 μM BA (SMM)/4.9 μM IBA (RIM).                                                                                                                         92 shoot buds/leaf explant, 42 adventitious shoot buds/node and 28 adventitious shoot buds/internode after 7-w of culture on SIM. 129 shoot buds/leaf explant on SMM after 3 subcultures (each with 4 weeks duration). 100% of shoots rooted on RIM within 2-w. Acclimatization in sterilized soilrite with 100% survival rate.                                                                                                                                          \[[@B24-plants-09-00411]\]

  Nodal segments (\~0.5 cm) with single axillary buds of field grown plants                                 MS + 1.0 mg L^--1^ BA + 1.0 mg L^--1^ IBA (SIM, SMM).                                                                                                                            18.35 ± 2.15 shoots/culture formed within 4-w. Regenerated shoots successfully rooted. HPLC and LC-MS analysis identified Bacoside A3 and A2. The total bacosides ranged between 1.76--2.70% on dry weight basis. Acclimatization in sand: garden soil potting mixture (1:1) with 90% survival rate.                                                                                                                                                                     \[[@B25-plants-09-00411]\]

  Axillary nodes, young leaves and internodes of 3-m-old *ex vitro* plants                                  Liquid MS + 1.1 μM BA + 0.2 μM IAA (SIM, SMM, RIM; leaf explant).                                                                                                                110 shoots/leaf explant formed within 3-w on SIM while shoot induction was very low from nodal explants (7--8 shoots/node). Acclimatization in sand, soil and farmyard manure (1:1:1) with 98% survival rate. HPLC revealed a phytochemical profile similar to that of the market sample and mother plants.                                                                                                                                                              \[[@B26-plants-09-00411]\]

  Nodal segments (5--6 nodes; 7--8 cm) of *ex vitro* plants                                                 MS + 2.0 mg L^−1^ BA (SIM). MS + IBA (0.5--2.0 mg L^−1^) (RIM).                                                                                                                  Nodal explants formed 9.4 shoots/explant after 7-d. on SIM while leaf explants formed 4.3 shoots/explants after 15-d.                                                                                                                                                                                                                                                                                                                                                    \[[@B10-plants-09-00411]\]

  Nodal explants internodes and leaf of 4-week-old in vitro grown shoots                                    MS + 300 mg L^−1^ BVN (SIM)/+0.2 mg L^−1^ IAA + 0.1 mg L^−1^ BA (SELM)/                                                                                                          100% of explants formed shoots with 98 shoots/internode explant, 81 shoots/leaf explant and 21 shoots/nodal explant on SIM within 4-w. Optimum shoot growth in SELM. Acclimatization in sterilized soilrite with 85% survival rate in field.                                                                                                                                                                                                                             \[[@B27-plants-09-00411]\]

  Tender leaves of 2-m old greenhouse plants                                                                MS + 0.5 mg L^−1^ 2,4-D (CIM, SEIM).                                                                                                                                             Embryogenic callus after 60 d with 42 embryoids/callus on SEIM, clearly identified globular, cordate, torpedo embryos. 28 rooted plantlets/embryoid formed on SEGM within 45-d. 98% survival rate.                                                                                                                                                                                                                                                                       \[[@B28-plants-09-00411]\]

  Internodes (2.5 cm) of 2--3-month-old ex vitro plants                                                     MS + 1.0 mg L^−1^ BA + 0.5 mg L^−1^ Kn (SIM). Liquid MS + 1.5 mg L^−1^ NAA (RIM).                                                                                                18 shoots/explant formed and an average of 324 shoots/explant were generated after 3 subcultures. 12 ± 1.73 roots/shoot formed on RIM. Plantlets acclimatized in garden soil: vermiculite: sand (1:1:1) with 100% survival rate in field.                                                                                                                                                                                                                                \[[@B29-plants-09-00411]\]

  Shoot apex and nodes (1--1.2 cm) of young greenhouse plants                                               MS + 5.0 mg L^−1^ BA + 0.2% (*w/v*) NaCl/10% Mannitol.                                                                                                                           20 shoots/culture without root formed after 15-d under salt stress. Shoots with 4--5 roots/explant formed after 15-d under drought stress.                                                                                                                                                                                                                                                                                                                               \[[@B30-plants-09-00411]\]

  Young leaves of field grown plants→2% NaOCl 5 min→SDW→0.1% HgCl~2~ 2 min                                  MS + 2 mg L^−1^ Kn (SIM). Liquid MS + 2 mg L^−1^ Kn (SMM). pH 5.8. 2% sucrose. 0.7% agar.                                                                                        An optimum of 155 shoots proliferated/explant at the end of 8th week on SMM. HPLC analysis revealed bacoside A contents were highest in case of shoots regenerated in SMM (11.92 mg g^−1^ DW).                                                                                                                                                                                                                                                                           \[[@B31-plants-09-00411]\]

  Nodal explants (1.5 cm) of 2--3-m-old *ex vitro* plants                                                   MS + *Aulosira fertilissima* extract + 0.44 gm/L CaCl~2~ (SIM). MS + *A. fertilissima* extract + 1.0 mg L^−1^ Kn + 0.44 gm/l CaCl~2~ (SMM, RIM). pH 5.8. 3% sucrose. 0.8% agar   20 shoots/nodal explant on SIM within 2 w. 56 shoots/explant formed on SMM after 4-w. 100% of shoots rooted with 15 ± 2.20 roots/shoot. Plantlets acclimatized in garden soil, mixed with vermiculite and sand (1:1:1) and successfully transferred to the field with 100% survival rate.                                                                                                                                                                                \[[@B32-plants-09-00411]\]

  Leaf, internode shoot buds of *ex vitro* plants                                                           MS + 1.5 mg L^−1^ TDZ + 0.5 mg L^−1^ NAA (SIM). MS + 0.5 mg L^−1^ BA (SMM). ½ MS + 1.0 mg L^−1^ IBA + 0.5 mg L^−1^ Phloroglucinol (RIM).                                         56 shoots/leaf explant and 49 shoots/internode explant after 3-w. 135 shoots/leaf explant and 112 shoots/internode explant on SMM after 4-w. 16 roots/shoot on RIM after 4-w. Acclimatization in sterilized vermicompost supplied with diluted MS basal salts with a 100% survival rate. RAPD profile confirmed clonal fidelity.                                                                                                                                         \[[@B33-plants-09-00411]\]

  Apical portions of healthy twigs of *ex vitro* plants bearing leaves up to the fourth node were excised   MS + 6 μM BA + 3% sucrose (SIM). Liquid ½ MS + 2 μM IBA + 1% sucrose (RIM)                                                                                                       63 shoots/explant after 8-w. Rooting of micro shoots within 2-w. Plantlets acclimatized in sand: soil (3:1) mixture under greenhouse conditions.                                                                                                                                                                                                                                                                                                                         \[[@B34-plants-09-00411]\]

  Leaves (0.75 cm^2^) of *ex vitro* plants                                                                  Liquid MS + 5 µM BA + 100 µM pyruvic acid (SIM). MS + 5µM NAA + 1 µM 2,4-D + 100 µM pyruvic acid                                                                                 100 µM pyruvic acid effectively enhanced the production of bacoside-A in shoot as well as callus biomass. The bacoside-A content in in vitro raised shoot biomass was 1.2 times higher as compared to shoot biomass of naturally grown plants.                                                                                                                                                                                                                           \[[@B35-plants-09-00411]\]

  Nodal segments of *ex vitro* plants                                                                       MS + 0.1 mg L^−1^ BA (SIM, SMM). MS + 0.15 mg L^−1^ IBA (RIM).                                                                                                                   100% of cultures showed axillary bud break; 41 shoots/explant after 4-w. 100% shoots formed roots with 24 roots/shoot within 3--4 w. Plantlets acclimatized in a mixture of sand, farmyard manure and soil (1:1:1) irrigated with ½ MS medium and finally shifted to shade house.                                                                                                                                                                                        \[[@B36-plants-09-00411]\]

  Leaf explants of *ex vitro* plants                                                                        MS + 2.0 mg L^−1^ BA + 0.5 mg L^−1^ NAA + 3% sucrose (CIM, SIM). ½ MS + 2.0 mg L^−1^ IAA + 2% sucrose (RIM).                                                                     61% callus induced formed shoots with 16 shoots/callus after 5-w. 6 roots/shoot formed on RIM after 3-w. Acclimatization in sterilized sand: soil: dry powdered cow dung (1:1:1) with mild irrigation at 2-day interval and supplied with ¼ strength MS inorganic solution twice a week and transferred to filed with 86% survival rate.                                                                                                                                 \[[@B37-plants-09-00411]\]

  Leaf and stem of *ex vitro* plants                                                                        MS + 2.5 mg L^−1^ BA + 0.01 mg L^−1^ IAA (SIM). Liquid MS + 2.5 mg L^−1^ BA + 0.01 mg L^−1^ IAA (SIM; node) in bioreactor.                                                       20 nodal explant/40 mL medium was optimal for high explant response. Maximum growth index (10.0) was recorded in bioreactor producing \~2000 shoots/L with 16.5 g/L DW. The total phenolic content and antioxidant capacity of in vitro grown plants was higher to that recorded for in vivo plants.                                                                                                                                                                     \[[@B38-plants-09-00411]\]

  Nodes of *ex vitro* plants                                                                                MS + 0.25 mg L^−1^ 2,4-D + 0.5 mg L^−1^ Kn (CIM; leaf petiole).                                                                                                                  Plantlets acclimatized in culture bottles ¼th filled with Soilrite composition (soil: sand: peat moss) and irrigated with ¼ MS salt solution and then shifted to misthouse with 90% survival rate.                                                                                                                                                                                                                                                                       \[[@B39-plants-09-00411]\]

  Nodes, shoot tip of 3-month-old *ex vitro* plants                                                         MS + BA + Kn + NAA (each 1.0 mg L^−1^ SIM).MS + 1.0 mg L^−1^ IBA + 0.5 mg L^−1^ NAA (RIM).                                                                                       100% of explants formed shoots after 4-w and rooted on RIM with after 4-w. Acclimatization in sterile soil and perlite (1:1) with 96% survival rate in field. Phytochemical profile similar to that of the field grown plants.                                                                                                                                                                                                                                           \[[@B40-plants-09-00411]\]

  Leaf and internodes of *ex vitro* plants                                                                  MS + 2.0 mg L^−1^ BA (SIM). MS + 0.5 mg L^−1^ GA3 (SMM). ½ MS + 2.0 mg L^−1^ IBA (RIM).                                                                                          Shoot organogenesis with 104 shoots/leaf explant and 89shoots/internode explant on SIM. 100% of shoots rooted with 57 roots/shoot and on RIM. Acclimatization in sterile vermiculate: sand: soil (1:2:2) with 90% survival rate in greenhouse.                                                                                                                                                                                                                           \[[@B41-plants-09-00411]\]

  Shoot tips (0.7--1.2 cm) of field grown plants                                                            MS + 1.0 mg L^−1^ BA.                                                                                                                                                            86% of encapsulated nodal explants germinated into plantlets after 6-8 w. Acclimatization in a potting mix of sand: soil (1:1) and finally transferred to net house.                                                                                                                                                                                                                                                                                                     \[[@B42-plants-09-00411]\]

  Shoots of *ex vitro* plants                                                                               MS + TMP + BVN (each 200 mg dm^−3^; SIM). MS + 0.2 mg dm^−3^ IAA + 0.1 mg dm^−3^ BA (SELM). MS + 0.5 mg dm^−3^ IBA (RIM).                                                        135 shoot buds/internode explant, 90 shoot buds/leaf explant and 50 axillary shoots/nodal explant on SIM. Optimum shoot growth on SELM. 90% of elongated shoots rooted on RIM. Acclimatization in soilrite with 90% survival rate in field.                                                                                                                                                                                                                              \[[@B43-plants-09-00411]\]

  Axillary nodes, young leaves and shoot tips of 3-m-old ex vitro plants                                    70% strength MS + 3 mg L^−1^ Kn + 0.5 mg L^−1^ IBA (SIM).                                                                                                                        100% of explants formed shoots (low multiplication rate) and rooted plantlets acclimatized in sand, soil and farmyard manure in the ratio of 1:1:1.                                                                                                                                                                                                                                                                                                                      \[[@B44-plants-09-00411]\]

  Shoots (5--6 cm) with node explants of *ex vitro* plants                                                  Cyanobacterial medium + 2 mg L^−1^ Kn (SIM).                                                                                                                                     80% of explants formed shoots with very low multiplication rate.                                                                                                                                                                                                                                                                                                                                                                                                         \[[@B45-plants-09-00411]\]

  Nodes, internodes, shoot tips and leaves of green house plants                                            MS + 1.0 mg L^−1^ BA + 0.5 mg L^−1^ NAA (SMM). MS + 0.25 mg L^−1^ IBA (RIM).                                                                                                     85% nodal explants showed multiple shoot formation; 42 shoots/explant on SMM. 86% shoots rooted. Acclimatization in sand: compost mixture (1:2) in the greenhouse and with 70--80% survival rate in field.                                                                                                                                                                                                                                                               \[[@B46-plants-09-00411]\]

  Twigs with 4--5 nodes with attached leaves of outdoor plants                                              MS + BA + NAA (each 0.25 mg L^−1^; SIM). MS + 0.25 mg L^−1^ IBA (RIM).                                                                                                           100% of explants showed callus induction and shoot regeneration within 1 w.\                                                                                                                                                                                                                                                                                                                                                                                             \[[@B47-plants-09-00411]\]
                                                                                                                                                                                                                                                                                             23 shoots/internode and 21 shoots/leaf explant after 6 w. 100% shoots rooted in RIM and survived (100%) after acclimatization.                                                                                                                                                                                                                                                                                                                                           

  Nodes of *ex vitro* plants                                                                                MS + 1.0 mg L^−1^ BA + 3% sucrose (SIM, SMM). ½ MS *+* 1.0 mg L^−1^ IBA + 2% sucrose (RIM).                                                                                      5.0 axillary shoots/explant on SIM after 4 w. 20 shoots/induced axillary shoot formed after 4 w. 10 roots/shoot formed on RIM after 4 w. Acclimatization in a mixture of soil: sand: manure (1:1:1) with 100% survival rate in field.                                                                                                                                                                                                                                    \[[@B48-plants-09-00411]\]

  Cotyledonary and epicotyledonary nodes obtained from axenic 15-d-old seedlings                            MS + 0.5 mg L^−1^ Kn + 1.0 mg L^−1^ BA (SMM). ¼ MS + 2.0 mg L^−1^ IBA + 1.0% sucrose (RIM).                                                                                      95% of explants formed shoots and rooted. Mulitiplication rate low. Acclimatization in soilrite with 90% survival rate when transferred to mist house.                                                                                                                                                                                                                                                                                                                   \[[@B49-plants-09-00411]\]

  Young and juvenile nodal segments of *ex vitro* plants                                                    MS + 1.0 mg L^−1^ BA (SIM). MS + 1.5 mg L^−1^ BA (SMM, SELM). ½ MS + 1.0 mg L^−1^ IBA (RIM).                                                                                     57% of explants formed shoots with 2.64 shoots/explant within 20 d. 90% of shoots rooted within 10 d. Plantlets hardened in vitro on liquid ¼ MS + 2% sucrose. Acclimatization in poly bags containing a mixture of soil and sand (1:1).                                                                                                                                                                                                                                 \[[@B50-plants-09-00411]\]

  Twigs with 4--5 nodes of *ex vitro* plants                                                                MS + 2.0 mg L^−1^ BA (SIM). MS + (0.25, 0.5, 1.0) mg L^−1^ IBA (RIM).                                                                                                            Direct adventitious shoot regeneration within 7--8 days of culture; 26 shoots/explant after 8 w.100% rooting on RIM after 2-w. Acclimatization in pots containing organic matter or jars containing water (pH 7).                                                                                                                                                                                                                                                        \[[@B51-plants-09-00411]\]

  Young leaves, nodes and internodes of *ex vitro* plants                                                   MS + 2.0 mg L^−1^ Kn (SIM, RIM).                                                                                                                                                 72 shoots/leaf explant, 67 shoots/internode explant and 64 shoots/node explant after 8 w. Acclimatization in sterilized soil-rite with 95% survival rate.                                                                                                                                                                                                                                                                                                                \[[@B52-plants-09-00411]\]

  Leaf of *ex vitro* plant                                                                                  MS + 2 mg L^−1^ Kn (SIM; leaf). MS (SELM, RIM). MS + 1 mg L^−1^ 2,4-D (CIM).                                                                                                     126 shoots/leaf explant formed after 45-d. Micro shoots elongated and rooted on RIM in 15-d. Acclimatization in soil rite (mixture of coco brick, cocopeat perlite and vermiculite). Detection of Bacopaside I and II in micro shoots by HPLC.                                                                                                                                                                                                                           \[[@B53-plants-09-00411]\]

  Nodal segments (1.0--1.5 cm) of *ex vitro* plants                                                         MS + 3.0 mg L^−1^ BA (SIM)/+ 1.0 mg L^−1^ + GA3 (SMM, SELM). ½ MS + 0.2 mg L^−1^ IBA (RIM).                                                                                      Shoot bud induction after 4-w. 114 shoots/explant with shoot length 6.4 cm after 3-w of sub-culture. Shoots rooted with 10 roots/shoot on RIM after 2-w. Acclimatization in plastic pots containing garden soil with 100% survival rate.                                                                                                                                                                                                                                 \[[@B54-plants-09-00411]\]

  Twigs with 3--4 nodes of *ex vitro* plants                                                                MS + 5.0 μg/mL BA (SIM, SMM). MS + NAA/IAA + 2% sucrose (RIM).                                                                                                                   Low rate of multiplication. Acclimatization in soil rite: red sand: garden soil (3:2:1).                                                                                                                                                                                                                                                                                                                                                                                 \[[@B55-plants-09-00411]\]

  Shoot cultures from nodal segments                                                                        1.5 L liquid MS + 1 mg L^−1^ BAP (SIM).                                                                                                                                          The present work reports bioreactor based micropropagation and bacoside biosynthesis.443 shoots with 5.84 growth index in terms of dry wt. was recorded after 4-w. Bacoside production in shoot cultures of ALB system was \~1.75-fold higher.                                                                                                                                                                                                                           \[[@B56-plants-09-00411]\]

  Axenic cultures→leaf and internode→TCL                                                                    MS + 10.0 µM BA (SIM). Liquid MS + 1% sucrose (SELM). MS + 5.0 µM IBA (RIM).                                                                                                     59 adventitious shoot buds/leaf tTCL explant 33 adventitious shoot buds/internode tTCL explant on SIM. 100% of shoots rooted on RIM. Acclimatization in plastic pots containing potting mixture under mist chamber and finally transferred to green house.                                                                                                                                                                                                               \[[@B57-plants-09-00411]\]

  Shoot tips (≤5 mm) from *in vitro* shoot cultures                                                         2.5% Na- alginate in MS + 3% sucrose→100 mM CaCl~2~.2H~2~O (encapsulation).                                                                                                      93% of encapsulated shoot tips showed regrowth with 10 shoots/explant after 6 months of storage at 4 °C. 100% of shoots showed rooting. Acclimatization in pot mixture of peat-moss and sand (1:1) with 93% survival rate in greenhouse.                                                                                                                                                                                                                                 \[[@B58-plants-09-00411]\]

  Stems (4--6 cm) with 4--5 nodes and leaves                                                                MS + 0.25 mg L^−1^ BA (SIM). MS + 0.25--1.0 mg L^−1^ IBA (RIM).                                                                                                                  Direct shoot induction within 8-10 d from leaf explants; 27 shoots/upper half of explant on SIM under W LED lighting system after 8-w. 100% of shoots rooted on RIM after 4-w. Acclimatization in aquarium with sand and tap water (pH \~8.0).                                                                                                                                                                                                                           \[[@B59-plants-09-00411]\]

  Axenic shoot cultures→nodal explants                                                                      MS + 12.5 μM BA + 1 μM 2,4-D + 50 mM sucrose (SIM). MS + 12.5 μM BA + 1 μM 2,4-D + 250 mM sucrose (SEIM). ½ MS (SEGM).                                                           100% of leaf explants differentiated shoot buds on SIM within 30-d 100% of SEs formed complete plantlets on SEGM after 6-w. Stages of direct SE differentiation confirmed by SEM. 41% of encapsulated SEs stored at 25 °C produced complete plantlets within 20 d of culture on MS medium.                                                                                                                                                                               \[[@B60-plants-09-00411]\]

  Nodal segments from *ex vitro* plants                                                                     MS + 30% *Sargassum wightii* liquid extracts (SIM, RIM).                                                                                                                         This study suggests that seaweed liquid extract can be used as substitute for PGR for in vitro propagation.25 shoots/explant formed with increased biomass after 3rd subculture. Acclimatization in autoclaved soil and vermiculate (1:1).                                                                                                                                                                                                                               \[[@B61-plants-09-00411]\]

  Nodal explants                                                                                            Liquid MS + 1 mg L^−1^ Kn (SIM, RIM). Subcultures 7-d.                                                                                                                           36--75 rooted shoots along with adventitious shoots were formed after 7-d in SIM. Acclimatization in sterilized garden soil in a shade house for one week. Aqueous extracts of acclimatized plants showed 10-fold higher antioxidant capacity than in vitro liquid cultured plantlets.                                                                                                                                                                                   \[[@B62-plants-09-00411]\]

  Shoot tips (8--10 mm) of *ex vitro* plants                                                                MS + 1.5 mg L^−1^ BA + 2.0 mM Spermidine (SIM, SELM). ½ MS (RIM).                                                                                                                123 adventitious shoot buds/explant with 34.9 elongated shoots/explants were formed after 12-d. 13 roots/shoot formed on RIM within 18-d. Acclimatized with 96.7% survival rate in field.                                                                                                                                                                                                                                                                                \[[@B63-plants-09-00411]\]

  Shoot tips of *ex vitro* plants                                                                           MS + 60% *G. salicornia* extract (SIM, SMM). ½ MS + 0.1 mg L^−1^ IAA (RIM). pH 5. 75. 3% sucrose. 0.8% Agar--agar type-1, 0.2%\                                                  94% encapsulated shoot tip explants multiplied resulting 92 shoots/explant after 1-w. 85% explants showed multiple shoot induction with 145 shoots/encapsulated explants after 2-w. 84% shoots formed 54 roots/shoot within 1-win RIM. Acclimatization in sterile Soilrite (Keltech, Bengaluru, India): peat (1:1) in growth chamber with 100% survival rate in green house. RAPD analysis of in vitro regenerated plants and mother plants showed genetic similarity.   \[[@B64-plants-09-00411]\]
                                                                                                            CleriGel                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Shoot tips of *ex vitro* plants                                                                           PGR free MS medium                                                                                                                                                               Explants excised from different positions showed variable frequency of direct shoot organogenesis in unsupplemented MS medium with optimum of 8 shoot buds/leaf and 15/internode explant within 4-w. 100% of micro shoots (5--6 cm long) rooted within 2-w of culture. Acclimatized plants flowered within 3 m.                                                                                                                                                          \[[@B65-plants-09-00411]\]

  Nodal explants                                                                                            Liquid MS + 20 uM TDZ                                                                                                                                                            43 shoots per explant were obtained after 8-w of culture. Microshoots were rooted in growth regulator free media. Acclimatized with 97% survival ex vito.                                                                                                                                                                                                                                                                                                                \[[@B66-plants-09-00411]\]
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2,4-D 2,4-dichlorophenoxyacetic acid; BA N6-benzyladenine (BA is used throughout even though BAP (6-benzylamino purine) may have been used in the original; BVN Bavistin Methyl benzimidozole carbamate; CIM Callus induction medium; d day(s); GA~3~ Gibberellic acid; HgCl~2~ Mercury chloride; HPLC High performance liquid chromatography; IAA Indole-3-acetic acid; IBA Indole-3-butyric acid; Kn Kinetin (6-furfuryl aminopurine); LED Light emitting diodes; m Month(s); MS Murashige and Skoog medium \[[@B67-plants-09-00411]\]; NAA α-naphthaleneacetic acid; NaOCl Sodium hypochlorite; PGR(s) Plant growth regulator(s); RAPD Random amplified polymorphic DNA; RIM Root induction medium; SDW Sterilized (by autoclaving) distilled water; SE Somatic embryo; SEM Scanning electron microscope; SEGM Somatic embryo germination medium; SEIM Somatic embryo induction medium; SELM Shoot elongation medium; SIM Shoot induction medium; SMM Shoot multiplication medium; TDZ Thidiazuron (N-phenyl-N'- 1,2,3-thiadiazol-5-ylurea); TMP Trimethoprim (2, 4 di-amino-5-(3, 4, 5-trimethoxybenzyl) pyrimidine; w week(s).

plants-09-00411-t002_Table 2

###### 

Characterization and isolation of Saponins from the alcoholic extract reported from *B. monnieri.*

  S. No                               Compounds                    Derivatives                                                                                                                                           Reference
  ----------------------------------- ---------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------
  **Jujubogenin derivatives**                                                                                                                                                                                            
  1                                   Bacoside A~1~                3-O-\[α-L-arabinofuranosyl(1→3)\]-α-L-arabinopyranoside                                                                                               \[[@B85-plants-09-00411]\]
  2                                   Bacoside A~3~                3-O-α-L-arabinofuranosyl-(1→2)-\[β-D-glucopyranosyl-(1→3)\]-β-D-glucopyranoside                                                                       \[[@B86-plants-09-00411]\]
  3                                   Bacopaside III               3-O-α-L-arabinofuranosyl-(1→2)-β-D-glucopyranosyl                                                                                                     \[[@B87-plants-09-00411]\]
  4                                   Bacopaside IX                3-O-{β-D-glucopyranosyl(1→4)\[α-L-arabinofuranosyl-(1→2)\]-β-D-glucopyranosyl}-20-O-α-L-arabinofuranosyl                                              \[[@B88-plants-09-00411]\]
  5                                   Bacopaside X                 \[α-L-arabinofuranosyl-(1→2)-\[β-D-glucopyranosyl-(1→3)\]-α-L-arabinofuranosyl\]                                                                      \[[@B89-plants-09-00411]\]
  6                                   Bacopaside N1                \[β-D-glucopyranosyl-(1→3)\]-β-D-glucopyranosyl\]                                                                                                     
  7                                   Bacopaside IV                3-O-β-D-glucopyranosyl-(1→3)-α-L-arabinofuranosyl                                                                                                     \[[@B87-plants-09-00411]\]
  8                                   Bacopasaponin A              3,20-di-O-α-L-arabinopyranoside                                                                                                                       \[[@B90-plants-09-00411],[@B91-plants-09-00411]\]
  9                                   Bacopasaponin E              3-O-α-L-arabinofuranosyl-(1→2)-\[β-D-glucopyranosyl-(1→3)\]-α-L-arabinopyranoside,20-O-α-L-arabinopyranoside                                          \[[@B92-plants-09-00411]\]
  10                                  Bacopasaponin F              3-O- α-L-arabinofuranosyl-(1→2)-\[β-D-glucopyranosyl-(1→3)\]-β-D-glucopyranoside,20-O-α-L-arabinopyranoside                                           
  11                                  Bacopasaponin G              3-O-\[α-L-arabinofuranosyl-(1→2)\]-α-L-arabinopyranoside                                                                                              \[[@B79-plants-09-00411]\]
  **Pseudojujupogenin derivatives**                                                                                                                                                                                      
  1                                   Bacoside A~2~                3-O-α-L-arabinofuranosyl-(1→5)-\[α-L-arabinofuranosyl-(1→6)\]-α-D-glucofuranoside                                                                     \[[@B93-plants-09-00411]\]
  2                                   Bacopaside N2                \[β-D-glucopyranosyl-(1→3)-β-D-glucopyranosyl\]                                                                                                       \[[@B89-plants-09-00411]\]
  3                                   Bacopaside III               3-O-\[6-O-sulfonyl-β-D-glucopyranosyl-(1→3)\]-α-L-arabinopyranoside                                                                                   \[[@B79-plants-09-00411]\]
  4                                   Bacopaside II                3-O-α-L-arabinofuranosyl-(1→2)-\[β-D-glucopyranosyl-(1→3)\]-β-D-glucofuranoside                                                                       \[[@B87-plants-09-00411],[@B94-plants-09-00411]\]
  5                                   Bacopaside I, Bacopaside V   3-O-α-L-arabinofuranosyl-(1→2)-\[6-O-sulfonyl-β-D-glucopyranosyl-(1→3)\]-α-L-arabinopyranoside, 3-O-β-D-glucopyranosyl-(1→3)\]-α-L-arabinofuranosyl   
  6                                   Bacopasaponin B              3-O-\[α-L-arabinofuranosyl-(1→2)\]-α-L-arabinopyranoside                                                                                              \[[@B90-plants-09-00411],[@B91-plants-09-00411]\]
  7                                   Bacopasaponin D              3-O-\[α-L-arabinofuranosyl-(1→2)\]-β-D-glucopyranoside                                                                                                
  8                                   Bacopasaponin C              3-O-\[α-L-arabinofuranosyl-(1→2)\]-β-D-glucopyranosyl-(1→3)\]-α-L-arabinopyranoside                                                                   
  9                                   Bacopasaponin H              3-O-\[α-L-arabinofuranosyl\]                                                                                                                          \[[@B95-plants-09-00411]\]
  10                                  Bacopaside XI                3-O-\[β-D-arabinofuranosyl-(1→3)\]-6-O-sulfonyl-β-D-glucopyranosyl                                                                                    \[[@B96-plants-09-00411]\]
  11                                  Bacopaside XII               3-O-{β-D-glucopyranosyl(1→3)\[β-D-arabinofuranosyl(1→2)\]-β-D-glucopyranosyl}-20-O-β-D-arabinopyranosyl                                               
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###### 

Pharmacological activities of *B. monnieri* (L.) and its active constituents.

  Compounds/Extracts                                                              Pharmacological Activity                           Experimental Model                                                  Dosage/Concentration/Period of Administration        References
  ------------------------------------------------------------------------------- -------------------------------------------------- ------------------------------------------------------------------- ---------------------------------------------------- -----------------------------
  *B. monnieri* methanol extract of the whole plant; bacoside E; bacopaside VII   Anti-tumor                                         Human tumor cell lines MDA-MB-231, SHG-44, HCT-8, A-549 and PC-3M   50 μmol/kg for 7days                                 \[[@B97-plants-09-00411]\]
  *B. monnieri* ethanol extract                                                   Apoptopic/cytotoxic                                In mouse S-180 cells                                                550 μg/mL for 48 h                                   \[[@B98-plants-09-00411]\]
  Improving learning & memory                                                     Serotonergic system of postnatal rats              40 mg/kg for 15 days                                                \[[@B99-plants-09-00411]\]                           
  Anti- Alzheimer's                                                               Adult male rats                                    100 mg/kg for 15 days                                               \[[@B100-plants-09-00411]\]                          
  Standardized *B. monnieri* extract                                              Memory enhancer                                    Human                                                               125 mg of SBME or placebo twice a day for 16 weeks   \[[@B101-plants-09-00411]\]
  *B. monnieri* methanol extract                                                  Anti-inflammatory                                  Carrageenan-induced rat paw edema                                   100 mg/kg for 5 h                                    \[[@B102-plants-09-00411]\]
  Bacoside A                                                                      Anti- apoptosis                                    Adult male albino rats of Wistar strain                             10 mg/kg/day for 12 weeks                            \[[@B103-plants-09-00411]\]
  Hepatoprotective                                                                Rats induced with N- nitrosodiethylamine           15 mg/kg/day for 14 days                                            \[[@B104-plants-09-00411]\]                          
  Neuroprotective                                                                 Rat brain exposed to cigarette smoke               10 mg/kg/day for 12 weeks                                           \[[@B105-plants-09-00411]\]                          
  Anti-oxidant                                                                    Rat brain exposed to cigarette smoke               10 mg/kg/day for 12 weeks                                           \[[@B106-plants-09-00411]\]                          
  Anti-epileptic                                                                  Pilocarpine-induced epileptic rats                 150 mg/kg/day for 15 days                                           \[[@B18-plants-09-00411]\]                           
  *B. monnieri* n- butanol extract                                                Acquisition and expression of morphine tolerance   Mice                                                                15 mg/kg for 7 days                                  \[[@B107-plants-09-00411]\]
  *B. monnieri* alcohol extract                                                   Cognitive function enhancer and neuroprotective    Male Wister rats induced by ethylcholine aziridinium ion (AF64A)    40 mg/kg for two weeks                               \[[@B108-plants-09-00411]\]
